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Gaucher disease is caused by a hereditary deficiency in the enzyme glucocerebrosidase. It is an autosomal recessive disorder that is inherited in a Mendelian fashion. Affected individuals cannot adequately catabolize glucocerebroside, which then accumulates in macrophages.
Cloning of the glucocerebrosidase gene has been reported (1) ; however, the restriction endonuclease map and nucleotide sequence were not disclosed. In an earlier publication, we presented the nucleotide sequence of a partial glucocerebrosidase cDNA clone that enabled us to study the genetics of Gaucher disease (2) . We now report the cloning of the full-length cDNA for human glucocerebrosidase by using a randomly primed Xgtll cDNA expression library, show the complete nucleotide sequence of the cDNA and a restriction map, and demonstrate the localization ofthe cloned sequence to chromosome 1.
MATERIALS AND METHODS
Cells and RNA. WI-38 human fibroblasts were obtained from the American Type Culture Collection and grown in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum. Cellular RNA was prepared using the guanidinium thiocyanate/cesium chloride method (3) . The poly(A)-rich fraction of RNA was prepared by two purifications with oligo(dT)-Sepharose (4) .
Synthesis of Randomly Primed cDNA. Five micrograms of poly(A)+ RNA was dissolved in 1 mM methylmercuric hydroxide and incubated at room temperature for 5 min. 2-Mercaptoethanol was then added to 0.5%. The reaction was carried out in 0.4 ml of 50 mM Tris'HCl, pH 8.3/20 mM KCI/10 mM MgCl2/5 mM dithiothreitol/l mM dATP/dCTP/ dGTP/dTTP containing 15-to 25-nucleotide-long random calf thymus oligonucleotides at 1 mg/ml, placental ribonuclease inhibitor (Amersham) at 500 units/ml, [32P]dATP at 125 gCi/ml (600 pgCi/mmol; 1 Ci = 37 GBq), and avian myeloblastosis virus reverse transcriptase at 800 units/ml. After incubation for 2 hr at 370C the randomly primed first strand was separated from the unincorporated nucleotides on a Sephadex G-50 column. The cDNA was made 0.3 M with NaOH and incubated at 680C for 1 hr. The mixture was then neutralized with acetic acid and the cDNA was precipitated with 2.5 volumes of ethanol. The second strand of the cDNA was synthesized using reverse transcriptase followed by the large fragment of DNA polymerase as described (5) . The hairpins were nicked using S1 nuclease (Sigma) at 100 units/ml and the ends were made blunt with the large fragment of DNA polymerase (5 Rabbit antiserum raised against purified human glucocerebrosidase was purified using two methods. In the first method, an ammonium sulfate fraction was allowed to react with an affinity column to which purified glucocerebrosidase had been bound using cyanogen bromide. The bound antibodies were then removed by elution with 0.1 M glycine, pH 2.6. In the second method, the affinity column was prepared by first attaching a very-high-affinity antiglucocerebrosidase monoclonal antibody to Sepharose with cyanogen bromide. Then, purified glucocerebrosidase was bound to the monoclonal antibodies attached to the column resin, and the column was washed extensively with 0.1 M glycine, pH 2.6. Most of the glucocerebrosidase protein remained bound to the column, as shown by measuring enzyme activity in the resin. A rabbit anti-glucocerebrosidase serum was then allowed to react with the column, the resin was washed extensively at neutral pH, and then the bound rabbit antibodies were removed by elution with 0.1 M glycine, pH 2.6. This purified serum was found to be highly specific for human glucocerebrosidase on immunoblots of human fibroblast proteins.
Library Screening. Approximately 1 x 106 recombinant phage from the amplified library were plated on E. coli strain Y1090 (6) at a density of 5 x 104 phage per 150-mm plate (5).
After 3 hr of incubation at 370C, the bacterial lawns were covered with a 137-mm nitrocellulose filter (HATF 137, Millipore) that had been soaked in 5 mM isopropyl Abbreviation: bp, base pair(s).
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. thiogalactoside (IPTG) and dried. Incubation at 37°C was continued for 5 hr, and then the filter was removed, a second IPTG-treated filter was placed on the bacterial lawn, and the plate was incubated overnight at 37°C. The filters were dried at room temperature and then soaked first in phosphatebuffered saline (Pi/NaCl) for 10 min and then in Pi/NaCl containing 3% bovine serum albumin for 30 min at room temperature. Finally, the filters were treated at room temperature for 2 hr with Pi/NaCl containing 3% bovine serum albumin and affinity-purified anti-glucocerebrosidase antibody at a dilution of 1:1000 at room temperature for 2 hr. The filters were washed at room temperature once with Pi/NaCl for 10 min and once with Pi/NaCl containing 0.1% Triton X-100 for 10 min and then with Pi/NaCl for 10 min. They were then incubated for 1 hr with 125I-labeled protein A (specific activity, 20 mCi/mg) in Pi/NaCl (5 x 105 cpm per filter), washed with Pi/NaCl and with Pi/NaCl containing Triton as above, and air dried, and XAR-2 x-ray film was exposed to the filters for 1-2 days at -80°C using an intensifying screen. Positive phage were picked and repeatedly rescreened at lower density until a pure population was obtained.
DNA Subcloning and Sequencing. The clone G5A-1Y was shown to contain an 1100-base-pair (bp) EcoRI insert that was subcloned into the EcoRI site of plasmid pBR322 (5).
This plasmid, G5A-1Y, was then nick-translated and used as a probe to screen an oligo(dT)-primed human WI-38 Xgtll cDNA library prepared as above, except that the first-strand cDNA was primed with oligo(dT) instead of with random calf thymus primers. Positive clones were identified at a frequency of 1 in 600,000. Several plaques were purified and one clone, ID9-bb, was found to have a 1500-bp insert. This insert was subcloned into plasmid pBR322, yielding plasmid ID9-bb. Fig. 1 illustrates the portions of the glucocerebrosidase cDNA contained within plasmids G5A-1Y and ID9-bb. A full-length cDNA clone was constructed by taking advantage of the unique Sca I site in the region where G5A-1Y and ID-9bb overlap. The plasmid containing the full-length clone is called GCS-2kb.
The full-length clone was sequenced by the method of Maxam and Gilbert (7). The complete DNA sequence was analyzed with computer programs from the University of Wisconsin. A hydrophobicity-hydrophilicity profile was generated using the method of Kyte and Doolittle (8) .
Chromosome Localiation. The nick-translated 1100-bp G5A-1Y probe was hybridized to chromosome-specific DNA attached to nitrocellulose filters according to published procedures (9, 10 Fig. 1 and the complete nucleotide sequence of the coding region is shown in Fig. 2 . Since the insert of the 5' clone, G5A-1Y, had been fused in frame to bacterial 3-galactosidase in Xgtll, it was necessary for an open reading frame to extend from the extreme left end of G5A-1Y. As shown in Fig. 2 , an open reading frame extends from nucleotide 1 to nucleotide 1700.
A hydrophobicity profile for the protein sequence predicted from the full-length cDNA sequence is shown in Fig. 3 .
Chromosome Mapping. The 1100-bp G5A-1Y DNA insert was nick-translated and hybridized with chromosome-specific human DNA (Fig. 4) . Hybridization was specific for chromosome 1, which has been shown to contain the gene for human glucocerebrosidase (14, 15) . Nucleotide sequence and amino acid translation of GCS-2kb insert DNA. Nucleotide 1 represents the residue of the cDNA clone GCS-2kb that would be 5'-most in the glucocerebrosidase mRNA molecule (although this may not be the 5' end of the mRNA). Some restriction sites have been indicated. Clone G5A-1Y, used in our previous study (2) , extends from nucleotide 1 to nucleotide 1038. The long open reading frame is indicated by the corresponding amino acids. The methionine at nucleotides 154-156 is probably the initiator of translation in vivo. The end of the 19-amino acid leader sequence and beginning of the NH2-terminal sequence is indicated with an arrow. The sequence between the asterisks at nucleotides 1495 and 1590 has been identified by G. A. Grabowski (personal communication) as the active site of the enzyme by affinity labeling with bromoconduritol B epoxide (13) .
Confirmation with the Protein Sequence. The sequence of sequence. The probability of this occurring by chance is the amino terminus of the glucocerebrosidase protein is as 1:160,000.
follows: Xaa-Xaa-Pro-Xaa-Ile-Pro-Xaa-Xaa-Phe. DISCUSSION Although there are several unknown residues, all confirmed
We have cloned and sequenced 2227 nucleotides of cDNA residues match the amino acids predicted from the nucleotide containing the entire coding region of the human glucocere- (8) . The horizontal axis is amino acid number corresponding to Fig. 2 ; the vertical axis is the average hydropathy index (8) 
